Due to the presence of major lung or extra-pulmonary pathology, which may be unilateral or bilateral, the initial placement of a double-lumen tube is not always straightforward. Although fibreoptic bronchoscopy is often used to confirm "correct" placement, a "blind" technique is frequently used for the initial insertion. The currently widely taught blind technique involves tracheal cuff inflation and ventilation of both lungs as a first manoeuvre, with a subsequent assessment of single-lung ventilation by clamping off, in turn, the two limbs of the double-lumen tube double-connector. An alternative approach involves the bronchial cuff being inflated first, and then using a singleconnector to transfer ventilation from one lung to the other. In this paper this technique is described and compared to the more traditional method. On a purely "number of steps" basis, the single-connector approach has several advantages. Furthermore, use of a technique that involves bronchial cuff inflation and single-lung ventilation as a first manoeuvre may reduce the risk of a temporarily malplaced double-lumen tube creating a potentially harmful ball-valve effect in a partially obstructed lobe or lung.
The initial placement of a double-lumen endobronchial tube (DLT) is not always straightforward. The "gold standard" must surely be the practice of using a fibreoptic bronchoscope positioned in the DLT tracheal lumen for the purpose of observing the bronchial cuff as it is being passed to the correct position in the intended main bronchus 1 . This technique has limitations, however, as it can be complicated by anatomical distortions or the presence of secretions or blood. Nor is it well suited for use with a DLT of Robertshaw design 2 , which in certain clinical situations may be some anaesthetists' preferred choice of tube 3 .
Possibly because fibreoptic bronchoscopy is not without its limitations 4 , particularly in emergency situations, thoracic anaesthetists must be familiar with the assessment of "correct" DLT position using clinical criteria alone. Also, many anaesthetists elect to use and teach a 'blind' technique 5, 6 for initial placement, with a subsequent fibreoptic confirmation of correct position. Most texts recommend that following initial passage of the DLT, the tracheal cuff should be inflated first and both lungs ventilated to confirm bilateral chest movement [7] [8] [9] [10] [11] . Each lung is then ventilated in turn after clamping off and detaching the limb of the DLT double-connector that leads to the non-ventilated lung [7] [8] [9] [10] .
It can be argued that in the absence of oesophageal reflux, the bronchial cuff should be inflated first and single-lung ventilation assessed 12 , as originally described by Robertshaw 13 . This alternative approach becomes essential in situations where lung separation to protect a sound lung is imperative. Furthermore, if a single-connector is used to ventilate each lung in turn simply by transferring the distal end of the connector from one lumen of the DLT to the other, the need for repeated clamping and un-clamping, disconnecting and connecting is avoided.
The purpose of this paper is to describe and discuss the single-connector technique for initial insertion and clinical assessment of the position of DLTs, and to compare it to the more traditional double-connector technique on a "number of steps" involved basis. The two approaches are also compared with regard to the risk of an initially malpositioned DLT causing alveolar overdistension and high endexpiratory pressures beyond a partial (as distinct from a complete) airway obstruction.
The Two Techniques
Whilst it is acknowledged that there are many different techniques by which experienced anaesthetists can efficiently assess initial DLT placement, the present report considers only two, and from a purely theoretical viewpoint. The first is a "singleconnector" approach in which the DLT bronchial cuff is inflated before the tracheal cuff and manual ventilation of the intended lung is assessed as a first focus of attention. Further assessment involves transferring the distal end of a single-connector from one DLT lumen to the other, as described in Table 1 and shown in Figure 1 .
The second is the "more traditional" approach in which the DLT tracheal cuff is inflated before the bronchial cuff, and two-lung manual ventilation is assessed as a first focus of attention. Ventilation is then transferred from one lung to the other by clamping and unclamping the two limbs of a DLT doubleconnector. Because it is inadvisable to assess singlelung ventilation unless the non-ventilated lung is open to air, the two limbs of the DLT double-connector should be detached and attached from the DLT when they are clamped and unclamped respectively, as described in Table 2 .
Comparison of the Two Techniques
The two techniques have been compared on a theoretical "number of steps" basis, with each individual purposeful action constituting a separate step, as shown in Tables 1 and 2 . The sequencing of the steps involved in the two techniques has been standardized in that the initial assessments of either unilateral or bilateral chest movement are assumed to be made on a "looks good, feels good" basis, and not by auscultation or fibreoptic inspection. Auscultation as a specific "step" is first mentioned as a means of checking for vesicular breath sounds at the apex on the side TABLE 1 The "single-connector"-bronchial cuff first-approach
Step Description
1
Advance DLT down trachea to the desired depth 2
Attach single-connector to the DLT bronchial lumen 3
Whilst performing manual ventilation via DLT bronchial lumen carefully inflate bronchial cuff to create an air-tight seal. Confirm that intended lung is being ventilated 4
Detach single-connector from DLT bronchial lumen 5
Attach single-connector to DLT tracheal lumen 6
Whilst performing manual ventilation via DLT tracheal lumen inflate tracheal cuff to create an air-tight seal. Confirm that the ventilated lung inflates and deflates as would be expected, bearing in mind the underlying pathology 7
Detach single-connector from DLT tracheal lumen 8
Attach single-connector to DLT bronchial lumen 9
Manually perform short, sharp ventilations whilst listening with a stethoscope over the apex of the lung, not for "air entry" or "breath sounds" but specifically for characteristic 'vesicular breath sounds' 10
Detach single-connector from DLT bronchial lumen 11
Attach double-connector to the two lumens of the DLT 12 Confirm correct placement with fibreoptic bronchoscope
TABLE 2
The "more traditional"-tracheal cuff first-approach
Step Description 1
Attach double-connector to the two lumens of DLT 3 Whilst performing manual ventilation inflate tracheal cuff to create an air-tight seal. Confirm bilateral chest movement, bearing in mind that even with an ideally placed DLT chest movement and breath sounds can be influenced by unilateral lung or extra-pulmonary pathology 4
Clamp-off the limb of double-connector leading to DLT tracheal lumen 5
Detach clamped-off limb of double-connector from DLT tracheal lumen 6
Whilst performing manual ventilation via DLT bronchial lumen carefully inflate bronchial cuff to create an air-tight seal. Confirm that intended lung is being ventilated 7
Remove connector clamp from connector leading to DLT tracheal lumen 8
Attach the unclamped limb of double-connector to the tracheal lumen 9
Clamp-off the limb of double-connector leading to DLT bronchial lumen 10
Detach clamped-off limb of double-connector from the DLT bronchial lumen 11
Manually ventilate via the DLT tracheal lumen and confirm that the ventilated lung inflates and deflates as would be expected, bearing in mind the underlying pathology 12
Remove connector clamp from connector leading to DLT bronchial lumen 13
Attach the unclamped limb of double-connector to the bronchial lumen 14
Clamp-off the limb of double-connector leading to DLT tracheal lumen 15
Detach clamped-off limb of double-connector from the DLT tracheal lumen 16 Manually perform short, sharp ventilations whilst listening with a stethoscope over the apex of the lung, not for 'air entry' or 'breath sounds' but specifically for characteristic 'vesicular breath sounds ' 17 Remove connector clamp from the side leading to DLT tracheal lumen 18
Attach unclamped limb of double-connector to DLT tracheal lumen, so that both connectors are unclamped and attached to their respective DLT lumens 19 Confirm correct placement with fibreoptic bronchoscope of the bronchial intubation, and fibreoptic bronchoscopy as the means of finally confirming correct tube placement. It is acknowledged that many anaesthetists will prefer to use auscultation and fibreoptic confirmation earlier in the process, but for of the present theoretical appraisal, the object is to critically consider a simple, seemingly rational approach that could well be both reliable and safe, even for the difficult case. The relative safety of the two techniques has been considered on the basis of their respective propensity to cause or to delay recognition of an initially malpositioned DLT partially obstructing either the upper lobe bronchial orifice (Figure 2b ) or the main bronchus of the non-intubated lung (Figures 2c and  2d ). If during the inspiratory phase of positive pressure ventilation a greater volume of gas flows into the partially obstructed lobe or lung than is able to vent during the passive expiratory phase, hyperinflation will result. This may continue until the pressure in the partially obstructed lobe or lung increases to the point at which the volume of gas venting equals the volume entering. The end result is an elevated intrinsic positive end-expiratory pressure (PEEPi) in a hyperinflated lobe or lung.
A partial airway obstruction with whole lung hyperinflation can also occur where the DLT has been advanced too far such that its tracheal opening lies just beyond the carina (Figure 2e ). There is also a high probability that the bronchial cuff will be totally or partially obstructing the upper lobe bronchial orifice (Figure 2e ). Very much less common is an obstruction to the main bronchus caused by deviation of the carina by the inflated bronchial cuff, as can occasionally occur in patients with emphysema 14 .
In Figures 2a, 2c and 2e the DLT is drawn in the proportions of a typical commercially available, single-use "clear plastic" DLT characterized by a relatively short distance between the distal openings of its tracheal and endobronchial lumens. In Figures  2b and 2d the DLT is drawn in the proportions of a single-use DLT of Robertshaw design ("Robertshaw-design" DLT), characterized by a comparatively much larger distance between its tracheal and endobronchial openings.
With regard to patient safety, even greater attention should be paid to the possibility, however remote it might be, of a malplaced bronchial cuff creating a so-called ball-valve effect in the upper lobe or whole lung. Here the pressures generated during the inspiratory phase of mechanical ventilation serve to lengthen the bronchial tree and to bulge outwards the posterior non-cartilaginous wall of the large airways.
This allows ventilating gas to flow past the ball-valve obstruction during the inspiratory phase of IPPV, but with the release of airway pressure during the expiratory phase and the return to resting state of the bronchial tree, return flow is severely restricted or blocked. Thus, the lobe or lung beyond the ball-valve obstruction becomes progressively hyperinflated. In the most extreme ball-valve situation, the alveolar pressure in the hyperinflated lung could reach and be maintained at a pressure equal to the peak inspiratory pressure of the mechanical ventilation.
There are three clinically relevant DLT malplacement situations that could conceivably result in a ballvalve effect. First, where the bronchial component of the DLT, or more likely the inflated bronchial cuff, lies adjacent to the upper lobe bronchial orifice (Figure 2b) . Second, where the DLT has been insufficiently advanced the inflated bronchial cuff can partially obstruct the main bronchial orifice of the nonintubated lung (Figure 2c ). Third, where the DLT, almost invariably a "clear plastic" DLT, has been advanced too far such that its tracheal opening lies just beyond the carina (Figure 2e ). Here the lengthening of the trachea during the inspiratory phase of mechanical ventilation could result in the freeing of the DLT tracheal opening, so allowing gas flow into the non-intubated lung. During the expiratory phase, a return towards the resting state could in theory restrict gas venting, whereupon the whole lung would become progressively hyperinflated. In addition, with the DLT too far advanced, there is also a high probability that the bronchial cuff will totally or partially obstruct or even create a ball-valve effect in the upper lobe bronchial orifice (Figure 2e ).
Theoretical Advantages and Limitations of the "Single-connector" Approach
The theoretical advantages of the "singleconnector" approach, with DLT bronchial cuff inflation and assessment of single-lung ventilation as a first manoeuvre, are as follows: • There are fewer "steps" required ( Table 1 compared with Table 2 ). • If the DLT were to enter the unintended main bronchus, this will be identified early at Step 3. • In those patients where early lung separation is necessary to protect the "good" lung (an "Absolute Indication" for the use of a DLT), the bronchial cuff must necessarily be inflated first. (This being so, then perhaps DLT placement should be taught using the same routine). • Where the DLT is initially advanced much too far such that its bronchial opening is directing gas flow into probably just one or two basal bronchi, the very much higher than expected manual inflation pressures should enable identification of this problem early (at Step 3). • Where the DLT is initially advanced too far such that its distal portion, or inflated bronchial cuff, obstructs or partially obstructs the upper lobe bronchial orifice (as in Figure 2b ), this should, in the absence of major emphysema or apical bullae, be readily identified at Step 9. The "advantage" lies in the fact that unduly high inflation pressures should not be required because the lower lobe will, regardless of whether the upper lobe is partially or completely obstructed, still inflate relatively easily. Thus, if due notice is taken of unexpectedly high manual ventilation pressures at Step 3, there should be little risk of a delayed diagnosis of high pressure hyperinflation in a partially obstructed upper lobe. • Where higher than expected manual inflation pressures and slow gas venting are encountered at Step 6, there are two well-recognized explanations. First, that the DLT (almost invariably a "clear plastic" DLT) has been advanced too far such that its tracheal opening lies at or past the carina as in Figure  2e . Second, that the DLT has not been advanced far enough and the inflated bronchial cuff is obstructing or partially obstructing the main bronchial orifice of the non-intubated lung as in Figure 2c . If either of these DLT malplacements is present, this should be immediately apparent early in the execution of Step 6, and the duration of any "ball-valve effect" hyperinflation will thus be extremely short. Whether a "clear plastic" DLT has been advanced too far or too little can readily be ascertained, as described by Brodsky and co-workers 6 , by deflating the bronchial cuff and performing manual ventilation via the DLT tracheal lumen. The theoretical limitations of the "bronchial cuff first" approach are as follows:
• Where the DLT is initially advanced too far such that its distal portion or inflated bronchial cuff completely obstructs the upper lobe bronchial orifice, this will not necessarily be identified at Step 3, and only with certainty at Step 9. Furthermore, when the obstruction is partial or creating a ballvalve effect as in Figure 2b , then the upper lobe can become progressively hyperinflated with each manual ventilation, especially if high inflation pressures are employed. Therefore, if at Step 3 ventilating pressures are noticed to progressively increase, then Step 9 (listening for vesicular breath sounds at the apex) should be conducted before proceeding with Step 4. (Ventilating pressures at Step 3 that are noticed immediately to be appreciably higher than expected are likely to be due to the DLT being advanced much too far such that the bronchial lumen is directing gas flow into probably just one or two basal bronchi. Because this will be identified at Step 3, it is presented above as one of the "advantages".) • Where the DLT is initially advanced too far such that its tracheal opening lies at or past the carina as in Figure 2e , this possible cause of a ball-valve effect and associated progressive hyperinflation of the non-intubated lung will not be identified until
Step 6. (However, because the resulting high ventilating pressures and the poor gas movement in and out of the lung would be readily recognized and lead to immediate repositioning of the DLT, this 'limitation' is also presented above as one of the "advantages".) • Where the DLT is insufficiently advanced and the inflated bronchial cuff partially obstructs the main bronchial orifice of the non-intubated lung (as in Figure 2c ), the potential again exists for the partial obstruction or ball-valve effect to result in hyperventilation of the non-intubated lung. (However, again, because the high ventilating pressures and the poor gas movement in and out of the lung at
Step 6 would be readily recognized and lead to immediate repositioning of the DLT, this "limitation" is also presented above as one of the "advantages".)
Theoretical Advantages and Limitations of the "Traditional" Approach
The theoretical advantages of the "More Traditional" approach in which the DLT tracheal cuff is inflated and two-lung ventilation performed as a first manoeuvre, are as follows:
• Where passage of the DLT into the trachea is delayed for whatever reason, or if difficulties are experienced with ventilation whilst awaiting neuromuscular blockade, it may be appropriate to first inflate the tracheal cuff to allow ventilation with oxygen via both lumens of the DLT. • Where a DLT is initially positioned such that the non-intubated main bronchus is not partially but totally obstructed, either by the inflated bronchial cuff of a DLT that has been insufficiently advanced or by a DLT tracheal opening that has been advanced beyond the carina and has become impinged against the bronchial wall, this situation will very likely be recognised at Step 3. • Where a DLT, almost invariably a "clear plastic" DLT, is initially advanced too far such that the dual problems exist of a DLT bronchial opening lying past the upper lobe bronchial orifice and the tracheal opening lying past the carina as in Figure  2e , this will be readily identified at Step 3. (However, this will not necessarily be the case in situations where the DLT tracheal opening and the upper lobe bronchial orifice are obstructed to a lesser extent, and where the clinical assessment of air entry is complicated by lung or extra-pulmonary pathology.) The theoretical limitations of the 'tracheal cuff first' approach are: • This approach will not serve to isolate and protect a "good" lung from potential contamination. • Where a DLT, almost invariably a "clear plastic" DLT, has been advanced too far such that its tracheal opening lies largely but not completely beyond the carina and the DLT bronchial cuff only partially obstructs the upper lobe bronchial orifice, manual ventilation at Step 3 could produce progressive hyperinflation of the non-intubated lung and the upper lobe of the intubated lung. Because the degree of hyperinflation increases during each inspiratory phase, and will be accompanied by unaffected ventilation of the lower lobe of the intubated lung, the DLT malplacement may not be immediately recognised. Reliable identification and the release of potentially high alveolar pressures could conceivably not occur until Step 11. • Where a DLT has been advanced too far such that the yet-to-be-inflated bronchial cuff lies adjacent to the upper lobe bronchial orifice (as in Figure 2b ), a ball-valve effect with upper lobe hyperinflation can result at Step 3. The malplacement may well not be recognized at Step 3 because ventilation of the whole of the non-intubated lung and the lower lobe of the intubated lung will be unaffected. Recognition will usually occur at Step 6, but could on occasion be delayed until Step 16. • If in an endeavour to protect a "good" lung the DLT bronchial cuff as well as the tracheal cuff is inflated at Step 3, this introduces a further potential problem. Where the DLT has been insufficiently advanced such that the bronchial cuff lies at the level of the carina (as in Figure 2c ), the inflated cuff can partially obstruct and potentially create a ballvalve effect in the non-intubated main bronchus.
Recognition of this situation may not occur until
Step 11. • Where the DLT has initially advanced down the unintended main bronchus, this will not be identified until Step 6.
• With an exercise that involves clamping and unclamping, connecting and disconnecting, there can easily develop confusion about which lung is being ventilated and which is open to air, especially where the pathology dictates that checking needs to be repeated or where the DLT needs to be repositioned.
DISCUSSION
The advantages, disadvantages and limitations described in this paper might be considered by some to be biased, but it is hoped that the relevant issues will not be immediately dismissed on this basis. Although experienced thoracic anaesthetists will have their own preferred practice, most will agree that the initial placement of a DLT is not always straightforward. Increasing numbers of patients have major pathology, some with considerable tracheo-bronchial displacement/distortion. Even under the supervision of an acknowledged expert in thoracic anaesthesia, 16 of 100 initial DLT placements took in excess of five minutes 6 .
Therefore, for the potentially difficult case, there may be a need to adopt, and also to teach, clinical practices that are both simple and rational. Purely from a "number of steps" basis, this objective might best be achieved if the DLT bronchial cuff is inflated before the tracheal cuff and a single-connector is used to transfer ventilation from one lung to the other.
Furthermore, the present consideration suggests that a more traditional approach of tracheal cuff inflation and ventilation of both lungs as a first manoeuvre could result not only in an increased likelihood of hyperinflation in a partially obstructed lobe or lung, but also in a delay in identifying its presence. Although DLT malplacement with hyperinflation is rarely reported and may never occur in the hands of experts, it is equally true to say, "if it can happen it might".
The question then arises whether a hypothetical ball-valve airway obstruction maintaining an upper lobe hyperinflated at a pressure equal to a peak inspiratory pressure, might predispose to the subsequent development of potentially life-threatening acute lung injury [15] [16] [17] . Because only a single lobe rather than the whole lung is affected, the severity of the alveolar overdistension will be considerably greater than if the high airway pressure was applied uniformly to both lungs 18 . In a number of animal model studies, excessive lung expansion has resulted in increased pulmonary microvascular permeability 19, 20 , and it has been alveolar overdistension rather that high alveolar pressure that has caused the lung injury 19, 20 .
In any event, it would be prudent to avoid even a short period of alveolar overdistension. For this reason, the authors are of the view that the preferred sequence should be bronchial cuff and single-lung ventilation first. This same approach would be considered mandatory in those situations where there is an "absolute" indication for the use of a DLT. So why not use and teach this order of cuff inflation? Every case could be regarded as training for the situation where early separation of the lungs is vital.
Although the teaching of fibreoptic confirmation of correct DLT placement is essential, it is equally important to teach clinical practices that will be required in those situations where blood or copious secretions make fibreoptic visualization difficult or impossible 4 . Thus, for the assessment of ventilation of an upper lobe on the side of the bronchial intubation (Steps 9 and 16 of the two approaches), the trainee anaesthetist should be able to differentiate between vesicular breath sounds and the transmitted sound of air entry into the adjacent, underlying lower lobe. The short, sharp, manual ventilations (as described in the tables) are best performed by the same individual who is auscultating. In patients with severe emphysema and in the presence of emphysematous bullae, vesicular breath sounds will not be heard, and confirmation of correct DLT placement is totally reliant on fibreoptic bronchoscopy. When using the "single-connector" approach with bronchial before tracheal cuff inflation, lung auscultation to identify vesicular breath sounds at the lung apex should rarely be needed before Step 9. Repeated auscultation as a method of checking initial DLT placement can, especially in a complicated case, make the exercise unnecessarily prolonged and potentially confusing.
The risk of oesophageal reflux is an important but separate issue. It should be borne in mind that if initial placement of the DLT has to be adjusted, both tracheal and bronchial cuffs must be deflated during the adjustment.
In conclusion, the authors believe that with onelung anaesthesia being used on patients with increasingly complex lung and/or extrapulmonary pathology that can markedly affect clinical signs, there is a need for a re-appraisal of the processes involved in the initial placement of the DLT. It is suggested that for the majority of cases the most rational approach is to keep the process simple by using a single connector initially. It is also suggested that delaying the inflation of the tracheal cuff and delaying two-lung ventilation until later in the checking process, will in theory reduce the risk of a partial airway obstruction and possible ball-valve effect.
